. This short report describes the outcomes from that workshop, notably the initiation of a global community to collaboratively discover and describe the metabolism of C. elegans. C. elegans is a well established workhorse for research in both fundamental biology and medicine, with applications including developmental biology, ageing-associated research and the elucidation of pathomechanisms of diseases.
1 Powerful molecular as well as genetic tools, ease of cultivation, short generation times and a considerable overlap in its fundamental biology with higher organisms, make C. elegans an ideal object of study. In recent years, metabolism is increasingly recognised as an important contributor to C. elegans healthspan and lifespan, as well as the basis of adaptation to different environments. 2, 3 Most of the historical efforts to detect changes in metabolism have been based on molecular tools including gene expression and/or reporter strains. Despite its importance for a large number of research applications, efforts to reconstruct the global map of C. elegans metabolism only started recently, notably with the publication of two independent constraintbased metabolic models last year 4, 5 (although automated reconstructions from pathway databases were produced before. number of applications including the integration of diverse -omics datasets, investigation of disease-associated changes in metabolism, studying the responses to nutritional interventions, identifying gene-environment interactions, and elucidating inter-organismal interactions on the metabolic level at both physiological and evolutionary timescales. 7 The reconstruction of C. elegans metabolism thus promises to open up the extensive toolbox of constraint-based modelling for C. elegans research.
Creation and expansion of a consensus reconstruction for C. elegans metabolism research During the workshop, ongoing efforts were identified that are merging and reconciling the two published models mentioned above, as well as other unpublished models developed in different labs (http://cai-gsmodel. cai.uq.edu.au), 8 into consensus reconstructions. The models are partially overlapping and far from complete; many metabolites that can be identified and quantified in C. elegans are not represented. Furthermore, the existing models are currently distributed across different databases and web portals. Users wishing to update or extend these models have no provision for merging their changes into any other version, including the original. Ongoing reconciliations between different models are hindered by the lack of agreement on shared standards for the annotation of molecules and reactions. 9 There is thus an urgent need to agree on standards and a central location for hosting, editing and version management of a master community-wide C. elegans reconstruction. This will form the basis for a community effort to expand the consensus model to yet uncovered metabolic pathways relevant in the manifold aspects of C. elegans research.
Metabolomics data and a community driven effort are required to fill the gaps in reconstructions
The documented metabolome of C. elegans encompasses around 1,000 metabolites, while the estimated full metabolome may be in the order of >10,000 molecules, based on experiences gathered across different metabolomics labs. Among these molecules, lipids and secondary metabolites are particularly poorly covered. A curation effort based on metabolomics data is under way within WormBase (http://www.wormbase.org/ search/molecule/WBMol%3A), but this daunting task requires a dedicated community-driven effort to cover the vast quantity of under-annotated metabolites as well as expert knowledge on the different analytical technologies (NMR and MS) employed to evaluate the quality of the metabolite annotation. Rigorous validation of the experimental approaches in metabolomics and hence curation of data quality is of the utmost importance. Also, even considering only the documented metabolome, there is an overlap of only up to 50% with the current models. A specific example of pathway misrepresentation is that of sphingolipid synthesis, essential for C. elegans postembryonic development. 10 While it is known that in C. elegans C17iso-sphingosine is synthesized as sphingoid base from mono-methyl branched chain fatty acid (C15iso), 11 the published models use palmitic acid instead. Therefore, manual curation and expert knowledge of metabolic pathways is essential to build models that provide accurate predictions.
The challenges of building metabolic reconstructions for multicellular organisms
Besides the number of metabolites that require further revision, metabolic reconstructions of multicellular organisms are challenging for other reasons. Firstly, tissue-specific differences in metabolic pathways necessitate the long-term goal of generating tissue-specific models. Secondly, recent research suggests that there is a profound impact of the environment on the worm's physiology. In particular, the choice of bacteria as food source, and whether it is provided alive or dead, has a vast impact on metabolism and life history traits. 12, 13 Ongoing efforts in the reconstruction of joint models of C. elegans along with its live E. coli food source as well as with bacteria that are natural colonizers of the C. elegans gut will be required to disentangle bacterial from wormspecific metabolic effects of experimental perturbations. Finally, the peptone-based media that is used to grow bacteria influences both experimental reproducibility and metabolism, calling for a revision of standard worm culture methods to include chemically-defined media.
14 A consensus metabolic model will allow the prediction of an optimal growth medium, and should therefore be a key ingredient in these efforts.
WormJam: an open community vision for the future To achieve these aims, WormJam (short for Worm Jamboree) is being established as a platform for a community effort towards reconciliation of existing and e1373939-2expansion of the unified C. elegans metabolic reconstruction. With the increasing recognition of metabolism as being of pivotal importance for ageing, development, disease mechanisms as well as evolution, the availability of a community-driven consensus reconstruction of C. elegans metabolism will lay the foundation for bringing C. elegans to the forefront of metabolism research.
As part of this effort, our objectives for the next 12 months within the WormJam community are:
-Ensuring all existing C. elegans metabolic reconstructions and partial consensus reconstructions are freely accessible online. -Annotation of all molecules that can be identified with confidence in C. elegans targeted metabolomics experiments across participating metabolomics labs within the WormBase Molecule resource. -Establishment of a platform for community curation of the metabolic reconstructions and creation of a consensus C. elegans metabolic network. The reconstruction will be tightly integrated with WormBase as a central hub of C. elegans data resources. -Holding annotation jamboree workshops targeting missing C. elegans specific pathways and metabolites, the first of which will be held in November 2017 (https://www.helmholtz-muen chen.de/genie-workshop-2017/index.html). -We are seeking contributors from all aspects of C. elegans biology. Please join the discussion at https://groups.google.com/forum/#!forum/worm jam.
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